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Abstract: The movement of 2 different isolates of an insect parasitic nematode species (Heterorhabditis bacteriophora Tur-H2 and
H. bacteriophora Tur-H1) in vertical columns was tested under laboratory conditions. We have found significant differences in the
movements of H. bacteriophora Tur-H2 and H. bacteriophora Tur-H1 towards the Galleria mellonella larvae as a host. The maximum
nematode infection rate inside the host was observed on the third day of the trial period for both species. We have recorded the
number and the given percentage of infective juveniles (IJs) of H. bacteriophora Tur-H2 that moved towards the G. mellonella larvae
within 24, 48, 72, 96, 118 and 148 h at 25 ºC, and the results obtained were 0.26, 3.20, 52.38, 12.52, 8.20 and 3.73%,
respectively. When the same procedure was repeated for H. bacteriophora Tur-H1 within the above periods, the following results
were recorded: 0.52, 3.28, 28.16, 4.34, 3.90 1.82%, respectively. Suprisingly, despite the 2 nematodes belonging to the same
species, they appear to have different foraging strategies on the same host.
Key Words: H. bacteriophora Tur-H1, H. bacteriophora Tur-H2, penetration rate, host finding, movement, biological control.

Entomopatojen Nematod, Heterorhabditis bacteriophora, Poinar 1976 (Rhabditida:
Heterorhabditidae) n›n ‹ki Farkl› Türk ‹zolat›n›n Konukçu Arama Davran›fllar›
Özet: Böcek paraziti olan bir türe ait iki farkl› entomopatojen nematod izolat›n›n (H. bacteriophora Tur-H2, H. bacteriophora TurH1) dikey yöndeki hareketleri laboratuvar koflullar›nda test edilmifl ve H. bacteriophora Tur-H2 ile H. bacteriophora Tur-H1’in
Galleria mellonella larvas›na do¤ru olan hareketleri aras›nda önemli bir fark oldu¤u bulunmustur. En fazla nematod enfeksiyonu, her
iki izolat için de 3. günde gözlenmifltir. 25 ºC’de 24, 48, 72, 96, 118 ve 148 saat sonunda G. mellonella larvas› içine giren H.
bacteriophora Tur-H2 ve H. bacteriophora Tur-H1’in enfektif juvenilleri (IJs) kaydedilmifl ve larva içindeki IJ yüzdeleri verilmifltir.
Buna göre; H. bacteriophora Tur-H2 icin: % 0.26, 3.20, 52.38, 12.52, 8.20 ve 3.73. H. bacteriophora Tur-H1 içinse: % 0.52,
3.28, 28.16, 4.34, 3.90 ve 1.82 sonuçlar› elde edilmistir. ‹ki nematod izolat› ayn› türe ait oldu¤u halde, ilginç bir sonuç olarak ayn›
konukçuya karfl› farkl› etkinlikte arama davran›fl› göstermifllerdir.
Anahtar Sözcükler: H. bacteriophora Tur-H2, H. bacteriophora Tur-H1, konukçu, arama davran›fl›, hareket, biyolojik mücadele.

Introduction
Entomopathogenic nematodes (EPNs) have been
recovered from many regions around the world. They
have generated great interest due to their potential use as
insect pest control agents and researchers have reported
that both living and dead infective juveniles (IJs) of S.
carpocapsae were equally effective, causing more than a

50% reduction in the total populations of plant-parasitic
nematodes (1). EPNs are currently used commercially for
the biocontrol of many insect pests, especially those that
are soil-borne. They are symbioticially associated with
bacteria of the genera Photorhabdus and Xenorhabdus,
which are the major food source of nematodes (2). They
are unique because they are the only nematodes that have
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evolved the ability to carry and introduce symbiotic
bacteria into the body cavity of insects, and their host
range includes the majority of insect orders and families
(3). EPN infection is affected by several biotic and abiotic
factors such as attraction, dessication, penetration
mechanisms, movement speeds of nematodes and hosts,
and host defense mechanisms (4). EPNs have various
behaviors for host finding such as “cruisers” (actively
searching foragers), “ambushers” (sit and wait foragers)
or “intermediates” (5). The Heterorhabditis genera utilize
a cruising strategy to locate their hosts. According to
Campbell and Gaugler (6), Steinernema glaseri, S. feltiae
and Heterorhabditis bacteriophora are cruiser species.
Despite exceptions like these species, when the IJs of
steinernematids or heterorhabditids are placed on a soil
surface, the majority of them remain near the point of
application (3). In our opinion, biological control
applications with nematodes need more extensive studies
into host finding ability and infection in the soil. The
present paper reports on EPNs movement, host finding
ability and infection.

Materials and Methods

H. bacteriophora Tur-H2 and H. bacteriophora TurH1, used in the experiments were first isolated from
Turkish soil samples taken from the Agricultural Faculty
of Ankara University, Turkey (7). Both isolates of H.
bacteriophora species were identified by polymerase chain
reaction (PCR) and restriction fragment length
polymorphism (RFLP) as a molecular method (7). The
results indicated that both Turkish isolates belong to the
species H. bacteriophora (7). Greater wax moth (Galleria
mellonella: Lepidoptera: Pyralidae) specimens were
supplied by the Department of Plant Protection at the
Agriculture Faculty of Ankara University and were reared
according to the method of Dutky et al. (8) with a slight
modification. The larvae were used as suitable hosts for
rearing EPN cultures in the laboratory. The fluid (ringer
solution) in which the nematodes were stored was 3-5
mm deep. We used laboratory standard Ringer solution
(NaCl + KCl + CaCl2 4* 2H2O + NaHCO3 + aqua dest) as
the storage medium to prevent contamination. Each G.
mellonella larva was challenged with both infective
juveniles of H. bacteriophora Tur-H2 and H.
bacteriophora Tur-H1 in petri dishes lined with a piece of

filter paper. After 4 days, the larval cadavers were
transferred to White traps (9) and active IJs were
collected after passing through water. Stock suspensions
of IJs were stored in Ringer solution at 4 ºC for 2 weeks
before they were used in all experiments.
In order to determine the host finding behavior of
EPNs the following experimental design was used.
Vertical columns (5 x 9 cm) consisting of 1.5 cm sections
of plastic tubing were joined together with adhesive tape
and filled with silver sandy soil (200 to 400 µm). The
main reason for using a 9 cm long vertical column was
because the developmental stages of more than 90% of
insect species live in that range of the soil (10). The soil
used in the experiments was autoclaved at 121 ºC for 15
min before the experiment. Soil moisture was adjusted to
10% by adding tap water. A greater wax moth was
placed in the bottom section of each tube. This tube, as a
cage system, prevents G. mellonella larvae from climbing
up, but EPNs can still reach the larvae. Surface
applications were carried out by adding 1000 IJs in 1 ml
of tap water in small drops to the surface of the soil from
the top of the vertical column. Then, the top of the
column was completely closed with a parafilm, to provide
constant humidity. We chose to use 1000 IJs for the
experiment as it is the actual commercial application
dosage. The generally recommended commercial
application dose of EPNs is 0.5 million IJs/m2. That means
50 IJs/cm2 (d = 5 cm; 2.5 x 2.5 x 3.14 = 19.625 cm2)
for our experimental design. According to the
explanations above, there are 19.625 x 50 = 981.25 IJs,
so we have used 1000 IJs (E-nema Company)*. All the
experiments were conducted at 25 ± 2 ºC. The
experiment was repeated 5 times for both nematode
strains. For each strain we used 3 control groups.
Over 6 days, the bottom part of the vertical column
was opened every day and the greater wax moth was
replaced with a new one. At the end of the exposure
period the greater wax moth larvae were rinsed with
Ringer solution frequently in order to remove IJs on the
surface and then dissected in Ringer solution; the IJs
were then counted. This procedure was repeated for each
greater wax moth larva and results were recorded. At the
end of day 6, we stopped replacing the greater wax moth
larvae because the preliminary experiments indicated that
after this period no infections occur. We organized the
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results, the percentage of IJs penetrating the larvae does
not include all of the IJs applied at the beginning of the
experiment. Few of them were recovered at the end of
the present study. Compared to the initial populations, at
the end of day 6, 80% of H. bacteriophora Tur-H2 and
42% of H. bacteriophora Tur-H1 were obtained. The
percentage of the control groups at the bottom of the
column was much lower, approximately 19% for H.
bacteriophora Tur-H2 and 6% for H. bacteriophora TurH1. Our results show that the presence of G. mellonella
larvae significantly increases the rate of movement for
both isolates (Mann-Whitney U test; U = 15 > U0.05 (5,3) =
14, P < 0.05). We speculate that following the
inoculation of IJs on the surface of soil, the time needed
for the nematodes to cross a 9 cm deep vertical column
differs according to the existence of the host at the
bottom of the tube. However, as seen in our results, the
presence of hosts affects the rate of mobility of IJs in
both species of control groups. No nematode infection
was detected at the end of day 2 and between days 5 and
6 of H. bacteriophora Tur-H1 inoculation. We observed
nematode movement at the end of each day for the H.
bacteriophora Tur-H2 control groups. Consequently, we
observed that not all the initially inoculated nematodes
were able to reach the host.

following design for the control groups: we used the
same vertical columns; however, they did not contain
greater wax moth larvae. The soil at the bottom of the
vertical columns which was free of greater wax moth
larvae (control groups) was washed by the sieving
method according to Cobb 1918 and the IJs were
counted (11).

Statistical Analysis
Statistical analysis was performed by using the SPSS
program (Mann-Whitney U test).

Results
The movement of H. bacteriophora Tur-H2 and H.
bacteriophora Tur-H1 towards the susceptible host, G.
mellonella, showed a highly significant difference
according to our experiments (Mann-Whitney U test; U =
25 > U 0.01 (5,5) = 24, P < 0.01). The number of H.
bacteriophora Tur-H2 IJs that moved towards the larvae
at the end of 24, 48, 72, 96, 118 and 148 h at 25 ºC
was 0.26, 3.20, 52.38, 12.52, 8.20, and 3.73%,
respectively. The proportions of H. bacteriophora Tur-H1
juveniles that moved towards the larvae monitored over
the same period were, 0.52, 3.28, 28.16, 4.34, 3.90
and 1.82%, respectively (Figure). According to our
findings, the maximum rate of nematode infection
occurred on day 3. Exactly the same procedure was
repeated for the G. mellonella free vertical columns and
the following results were obtained: 0, 0.03, 7.87, 5.33,
4.66 and 1.23% at the end of 6 days for H.
bacteriophora Tur-H2. We found the following results for
H. bacteriophora Tur-H1: 0, 0, 4.5, 1.26, 0 and 0%
again in G. mellonella free vertical columns. As seen in the

Discussion
Depending on their host seeking strategy, EPN species
are classified as cruisers, ambushers or intermediates (5).
On the basis of this definition Campbell and Gaugler (6)
designated S. glaseri, S. feltiae and H. bacteriophora as
cruisers. Generally, predators and parasites use chemical
and physical cues when they forage on their hosts. By
using those cues for example, S. carpocapsae prefers
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Figure. The mean percentage of H. bacteriophora Tur-H2 and H. bacteriophora Tur-H1 infective juveniles over 6 days.
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foraging on the soil surface, whereas H. bacteriophora
would rather forage at the bottom (3). The vertical
migration of H. bacteriophora and H. heliotidis juveniles
was studied by Georgis and Poinar (12). They concluded
that the presence of G. mellonella pupae stimulates the
movement of both Heterorhabditis isolates. Parallel to
their results, we also observed that the movement of H.
bacteriophora Tur-H2 and H. bacteriophora Tur-H1 IJs
are positively affected by the presence of G. mellonella
larvae. Furthermore, according to Grewal et al. (13), the
IJs of H. bacteriophora and H. megidis, S. anomali, S.
glaseri, S. feltiae and Steinernema sp. showed a positive
directional response to host cues.
According to our results, the heterorhabditid
nematode species (H. bacteriophora Tur-H2 and H.
bacteriophora Tur-H1) appear to have different foraging
tactics. The IJs of H. bacteriophora Tur-H2 (average
length of IJs is 672.4 ± 12.3) showed a greater tendency
to move towards the host than did H. bacteriophora TurH1. Control groups of H. bacteriophora Tur-H1 also
showed a reduced tendency to move downwards (average
length of IJs is 614.9 ± 15.4). Our findings and Georgis
and Poinar’s (12) results agreed.
We speculated that the attractiveness of the host
affects nematode mobility. H. bacteriophora Tur-H2
showed a greater tendency to move downwards
compared to H. bacteriophora Tur-H1. It appears that
the host finding strategy of each Heterorhabditid (H.
bacteriophora Tur-H2 and H. bacteriophora Tur-H1)
isolate is slightly different from the other. According to
Grewal et al. (13), H. bacteriophora, H. megidis, S.
anomali and S. glaseri are adept at finding distant hosts
in sandy soil columns, thus representing the cruising
extreme. In order to support the above statement, more
studies should be performed with different nematode
species.

appear to affect a nematode’s foraging behaviour (1). In
addition, when IJs are placed in the middle of the soil
column, different species move into different directions.
For instance, most H. bacteriophora and S. carpocapsae
move upwards rather than downwards, whereas most of
the S. glaseri move downwards rather than upwards (3).
According to available literature findings, it is generally
accepted that soil texture and presence of a host affect
the nematode’s direction of movement (14).
According to our results, not all the initially inoculated
nematodes could reach the host (80% of H.
bacteriophora Tur-H2 and 42% of H. bacteriophora TurH1). The significance of the relationship between
behavioral ecology and biological control potential has
been recognised for many years (15). We believe that in
order to apply more effective insect pest controls by using
EPNs, investigations into the searching and foraging
strategies of EPNs should be performed.
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